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Ohio, under Coatract No, AP 33(616)-2303. The investigation was initietod
ander Pro ject No. 7360, ®Materials Analysis and Evaluation Techaiquee®,
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directicc of the Materials Ilabcratory, Directorste of ieborestories, Wright
Air Developamt Center with Mr, D. A, Sbion eeting e projent englseer,

This research has been ocarried out under the sapervision of H, J.
Grover, Chisf of the Applied Meehanics Division, viih comsiderable veluable
eocnsultation from S, A, Gordon, Other Battolle siaff members who partiei-
pated to a consideratle extent in the progres include A. H, Hunter, N, J,
Weller, W, L. Belton, and I, K, Hanna,
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ABSTRACT

Prescnted in this report is a compilanon of data on the cooventional
short-time, elevated-temperature proserues of selected corrosion-resistasg
and high-temperature alloys applicable to airframe and missile fadrication,
The resultant recaommended design data obaimed in th s study have been pre-
sented in such form as to be directly appiicable 1o tae ANC-.3 Bulletia
{issued by the Air Force-Navy-Civil Panel) on ™Strength of Metal Aircraft
Elements'.

PUBLICATION REVIEW

This report has been reviewed and is approved,

FOR THE COMMANDER:

R. R. KERNEDY
Chuef Mctals Branch
Materials Laboralory
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MATERIALS-PROPERTY-DESIGN CRITERIA FOR METALS

PR il M het)

PART 8. THE CONVENTIOXAL SEORT-TIME, ELEVATED-
TEMFERATURE PROPERTISS OF SELECTED STAINLESS
STEELS AND SUPER ALLOYS

INTRODUCTION

The design strenglh properiies of materials for airframe and missile
fabrication presented in the ANC-3 (Air Force-Navy-Civil) Balletin,
*Srrength of Metal Aircraft Elements™. As the needs of designers in these
fields crystallize, revisions of the 3ocamex: are required to introdoce new
.informatian into the Bulletin or revise curreant information as more reliable
data become availabie. The purpose of this investigation has been, broadly,
to study various aspects pertinent to design criteria as scggested by the Ma-
terials Lahoratory of Wright Air Deveiopment Center and 1o present the re-
sults of such studies it a format cozsisient with the present ANC-5 Balletin
for posaible consideration by the ANC-5 Panel,

,
et s s ot STy IR ST
]

. ey

It ahould be emphasized that the recommended design curves incloded
herein are not necessarily identica! o any which will ultimately appear in
ANC-S, Use of any data appearing herein is therefore subject to ap, roval
. by the coghizant procuring or certificating agency.

e
)

This report represents the fifth report in this series. The four pre-
] vioug reports arei

(1) 'NADC TR $5-150, Part I, "Materiais-Property-Design
Criteria for Metals; Part 17 (Janvary, 1356).

8. {2) WADC TR 55-150, Part2, "Materials-Property-Design
Criteria for Metals; Pari 2, A Swdy of Methods of Pre-
senting Creep Data for Airframe Design”, by W, S, Hyler
and H, J, Grover (July, 1955).

{3) WADC TR 55-150, Part 3, “Materials-Property -Desiga
K. Criteria for Metals; Part 3, Fatigue Evaluatica of Mag-~
- nesium Alloys”, by W. S, Hyler and F. H. Lyon ;

; (June, 1956).

. (4) WADC TR 55-150, Part 4, "Materials-Froperty-Desiga

- Criteria for Mecals; Part 4, Elastic Modzli: Their Deter-
‘ wmination snd Limits of Apolicatioa™, by S. A. Gordoa,
- R. Simoa, and W, P, Achbach {Aagust, 1956).
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l The purpose of this preccnt study is i campile and presem dats o
i the conventional short-time, elevated-temperature propcriies of a numbey
‘ of stainless steels and heat-resistant alloys which are of current :vterest

‘ in airframe and missile fabrication. It s the aim of this report to promde

I a basis upor which it would be possible to supplement and revise the corrent
issue nf the ANC-5 Manual, It is not intended that any discrepancy exist
between data contained in this report and data found in the current ANC-5
Bulletin. 1f such discrepancies are noted, the ANC-S values of strength are
to be used,

l As a result of mutual agreement between representatives of the Ma-
terials Laboratory of Wright Air Development Center and of Battelle
Memorial Institute, the following commercial alloys are included ir this
report of sta:nless steels and heat-resistant alloys: (1) A2S: 301 (half hard
and full hard), (2) 422M, (3) 17-7PH {TH 1050 and TH 950), (4) AM-350,

) (5) 17-4PH, (6) 19-9DL, (7) 19-9DX, (8) A-286, (9) Inconel "X®, and

' {10) Sta:inless "W¥_ |t was intended that data be presected on AISI 420

: stainless steel; however, no pertinent data were {ound availatle for this

rmaterial, A brief discuss.nn of each alloy is found in thc separate sections

of this report,

. For convenience, design curves from each of the specifaic material
i sections are summarized at the end of the report, Appendix i contains some
matcrial-comparison curves,

The authors wish to sacknowledge the materials prodocers, airframe
manpufacturers, universities, research laboratories, and Government
agencies listed below without whose assistance this investigation woald not
bave been possible., A Bibliography is included in Appendix I,

Allegheny Ludlum Steel Corporation Southern Research Institute

Armco Steel Corporation Titanium Metallurgical Laberatory

Babcock and Wilcox Tube Company - (Battelle)

Carpenter Steel Company University of Califormis

Crucible Steel Company of America Cornell Aeronsutical Laboratory

Haynes Stellite Company Johns Hopkins Applied Physics

lnternztional Nickel Company Laboratory

Republic Steel Corporatiou University of Michigan Research

Timken Roller Bearing Company Foundation

United States Steel Corporation Syracuse University

Universal Cyclops Steel Corporatioa U. 5. Department of Commerce

Vanadium-Alloys Steel Company {(Aircraft Structures Branch)

Boting Airplane Company U. S. Department of Commerce

Chance Vought Aircraft, lnc, {Materials Branch)

Douglas Aircraft, lnc, National Advisury Caunnntne on
‘ " General Electric Company Aeronautics .

Glena L. Martun Company Natianal Bureau of Standards

Norih American Av.ation, Inc. WwWright A-r Development Center

Armour Research Foundation {Maierials Laboraiory)
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METHOD OF APPRGACH R

Genzspal Coaraents

As indicated im the ®"Introduction”, a large number of sources were
cantacted in assembling the data from which the study was based, These
included matenal producers, umversities, research laboratorics, Govern-
ment agencies, and toe open literature,

Toe properties of interest included tensile, compressive, shear, and
bearing strengths, Assessment of these properties as a function of tempera-
ture, exposure time, strain rate, etc,, was made, consistent with avail-
able data, Forv a number of alloys, consideradle information was availeble
ob r=any of these prooerties; in other cases only a few properties had beer
evajuated., Thus, there developed in some cases large 8eps wlich can be

taken care of oaly Ly careful expcnmu:ul progran.s,

-

The next several subsections relate i.n deuil the approaches uied in
analyzing the large body of data, It should be pointed out that the goal was
to provide conservative “design™ Jurves of a {crm currently used in ANC.S,
For alloys izvolving consideratle dats irom a number of sources, procedures
were adopted to account for dif{erences in the data to prepare such design ’
carves. Discussican of trends observed in the design curves was beyond the

scope of the program,

Each alloy is considered in a major section of the report, This in.
cludes a brief descriptian of the alloys and usual hest trestments, varieus
graphs show-ng the relationstips between mechanical properties and tem-
perature, stress.strain curves, etc, A f{inal major section containg the

recommended desigu carves for the entire grour of allayz,

1n a pumber of cases mechanical properties were available from
speciumens secticned transverse and longitudinal to the major working
direction, Ip these cases both aets of properties were treated separately,
Io the {cllowing sections, curves trealting transverse properties are so
indicated in the graphs,

The standard structural symbule used throughout this report are:
Fou Ulimate tessile stress

}‘..’ Tensile yield stress

F Compressive yield stress

Fea Ulhmate shear stress
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l‘bm Ultimale bearing stresa

l‘.m, Beariny yield stress

4]

Modulue of rigidity

M Polsaont e ratio

ksi Kips {1000 pounds) per square inch

psi Pounda per square inch . A

E Modulus of clasticity in tensior; average ratio of streas
to strain below peoportional linit

E¢ Modulus of elasticity in compresaion; average ratio of .
stress Lo atrain bhelow proportional limit,

Treatment of Strength Properties Fy,, F.’.
Fcy, Fsu, Fbru, and Fyry

Data From One Source

When data showirg the effect of temperature (for any unique condition)
on any of the above strength properties were available from only one source,
no analysis was necessary, The data were presented in two ways, In the
first presentation the actual siress value wis plotted against temperature;
in the second, the streas value as 1 percentage of the -oom.-temperature
property was plotted against temperature., This second curve is in such
format as to be resdily inserted in the ANC-5 Bulletin on "Strength of Metal
Aircraft Elements!!,

Data From Mcre Than One Source

(Ftu). The actual stress values for this strengih property are plotted
on onz graph against temperature for all sources of data, A second graph
was prepared showing all the data from all sources plotted as a percentage
of room-temperature ullimate tensile sirength agzainst temperature, This
-second graph aleo shows the design curve that had been approximated {rom
the data, A {insl third graph was prepared showing only the rrecommended
design curve in such format as to be readily inserted in the ANC-$5 Bulletin,

WADC TR 55-150Pt § 4
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55!. F‘L'Lr’“ Fypq and Fbrx). The actuai stress values for these

properlies were piotzed against temperature as for Fru. A working curve
then was 27a=% wi.ch shiwed the ratio of the above properties to the ulti-
mate tensile strexgth (Fyy) for the correspanding temperatun {:bese working
curves do not azpear in th:s report). In some cases, & atraight-line
relatiotship or at least a realistic trend to the data was apparent, Valoes

. {rom the workurg curves tten were utilized 1n cstadl Jhury the relationship
between the mechas:cal property and tempevature, The determined property
expressed as a pecceriage of the room-temperature property was plotted e

1. . a giaph us.og Gata from all sources, Again, a separvale griph was prepared SR e
indicating lihe recomrenced design curve in ANC.S format. In those cases RS aSatasa S "‘.I'”-"'
in which 1t was Dot possitde to estavlish a realiztic trend in the plots of the t ;n .:u.‘;.; e

Tatio of meckanical property to ultimate strength versus tenperature, a
conservative esturate was utilized ip developing design curves,

YTreatmes: of Modulus of Elasticity (E and E¢)
ans Stress-Strain Data (Optimizat: ol

Procet;!

General

The extensive cata obtained for this study provided, in general, con-
siderable variation ir modulus of ~lasticity and in the shapes of stress-strain
curves of various materials. The degree of scatter in modulus of elasticity
is indicated for one matenal in Figure 1. To permit analyses of zll the data
{or comsistency, the folloa.ry steps were takenmy

(1) Determine the ®optirmum®™ modulus of elasticity-
temperature relationship

(2) Adjust the stress-strzin curves to fit the optimur.
modtlus for each particular temperature,

Determination of the optimum modulus of elasticity-temperature rela-
tionship was ackieved by the method of polynomial regression (readily
adaptable to 1BM computation), This system provides (a} a method of e
appruximmating the underiying relationship of variables by means of a el e
polynomial equation of the form ' ’ , S

T2CotC1X+C232 4 meccmcciCy X,

- - .

L
-~

. -~ -q -t - .
. \ - A .
KRS W IV P Pl
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Y, the dependent variable, is the modulus of elastuc'ty im pei,

A

“»
7

N
D)

Py
¥

“r

#

F

X, the independent variable, is the temperature in degrees F, amd
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Cos -=-» Cu are the constant coefficicats to be estimated;

TN PY vy

(b) a method of estimating these coefficients Jor a polynomizl of a givea
degree {from a sct of paired observations on the modulus of elasicity and

) temperature; and (c) a method of determining the degree of the ol ynomial e el e S e
equativn which the data indicate is warranted and significant, t . .,.‘..;_ 0 ."5; g,!

It was determined that a polynomial of first or, at most, the second t
degree would appraxitaate all the data for the various materials and com-
ditioans:

{s) Ysa+4hbXand

(b) Y =atbX+cX2,

B e e O A A R Rt S A

Figure 2 shows a curve approximated by this method and also shows
the data {rom which tke curve was derived,

ot N,
Saa st

The value thus determined for the medulus of clasticity at any givea
. temperature was called the "optimized® value., Stress-striin curves faor
those meterials and conditions for which an optitnized modulus has been
determined were adjusted so that the modulus agreed with the optimized
value. The exception to this was that whenever th. AJIC-5 Bulletin re-
ported a room-trmperature modulus, tlus value was uced in preterence to
any other,

Mathematical Details of Optimization
of Modulus Data

The cifect of temaperature on the modulus of elasticity can be repre-
sented by the equation

[
Ysaé¢hk

where

P

X is the temperature and

Y is the modulus <f elasticity, . . i
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. a
The symbol Y means that Y is to be regressed on X; in other words, Y is
the estimated o= predicted Y given the temperature X, The slope "1™ of the
regression equation 1a the regressicn coeificient and mathematically (s

- 2!3 .
N Ixe
where x and y are the deviatiors from the mean X and ?.

The intercept “a% ias approximated by a = Y-bX where Y « I;’L and
X o ZX

n

It can be scen from Figure 3 that ¥ is composed of three segmeats:
Y, ;, and dy-%t., The quantity dy+x is the deviation from regression and is
delined mathematically as

Y - 9 edy.x .

Using the relaticn Y = Y+ $+ dy-x and 1Y = IY + S8 + Zdy-x, squaring both
sides results in

sY w5524 292 ¢ sdy-22 ,
the three product terms being xero,
The least-squares curve can be fitted to the data such that Ldysx? is
a minimum and -m% equals zeru. Standard methods of analysis were

utilized in determining bow well the derived carve dtted the data,
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AIS1 301 STAINLESS STEEL l :
(QQ-S-082, FS 301) '
{MIL-S5-5059, Comp 301, half and full hard) H
AISI 301 is an austenitic stainless steel which has the nominal com-~
“1- position shown in Table 1},
) TABLE ), NOMINAL CHEMICAL -
1. COMPQSITION OF
AlS] 301 STAINLESS
STEEL (QQ-5-582, .
FS 301) i
Weight
Zlement . Per Cent
Carbon 0.12
Chromium 17.00
Nickel 7.00
lron Balsnce
I ) The relative proportion of chromium and nickel enables AIS] 371 to ,‘
work harden rapidly when cold worked; the steel is wcll suited to high-
~f streagtl applications, Minimum represertative mechanical properties of
the falf-hard and {ull-hard tempers are given in Table 2,

. TABLE 2. MINIMUM REPRESENTATIVE MECHANICAL .
PROPERTIES OF. AlS1 301 STAINLESS STEEL ,
(QQ-S- 652, FS 301)

Half Havd Full Hard
(AMS-5518C (AMS-5519€
Preperty 1/2 Hard) Hard)
Ultimase tcasile (Fey) 150,000 psi 185,000 pui
Tensile yield (Fty) 110,000 psi 140, 000 psi
Elongation (e) in 2 inches '
Thickness 0,015 1nch and under 15 per cent 8 per cent T C e
Thickness over 0,015 inch 18 per cent 9 per cem
Hardness N R¢ 4] R¢
The temper conditions, half hard and full hard, are established by the
tensile s rength, which in this case is 150,000 pat minimum and 185, 000 psi

minimum, respectively,
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The short-timne, elevated-temperature data for the half-hare ar4 full-

bard tempers are shown in the following curves

(1) Tensile properties, Figures 4 tirough 11, and 36 through 42

{2) Compressive properties, Figures 12 thrcugh 13
{3) Bearing properties, Figures 14 through 19
(4) Shear properues, Figures 20 through 21

Y Al B egn b~ b . apaah

Stress-strain curves, Figures 23 through 29, and 3l through 35

{5) Modulus of elasticily, Figures 22 through 30

(6)

Forz 301 half hard, data are meager for compressive and shear prop-
ly tensile prop:rtics are available,
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<M STAINLESS STEEL

The AJS! 400 series sta‘nless steels, as & gederal rale, vetan high-
streagth properties odtaimed by heal treatment up tr ahnee 808 © Lo o0

embrittlement occurs. A modification ol the AlS] 420 type resulted in the

ferritic 422 grade, which has proven suitable for service around 1300 F. A
) further improvement resulted 1n & modified 422, which s similar in ~barac-
: teristics to 422 but possesses appreciably better elevated-temperature
strength, The nominal chemical composition of 422M is given ')n Table 3,

TABLE 3. NOMINAL CHE MICAL

' '-\'O'\"r"—l‘llll!l—nu--,-
’
v

i ‘ COMPOSITION OF

3 422M STAINLESS

! STEEL
K . © weight :
. Elemem : Per Cent
I. Carbon 0.28
: kManganese 0.84
b ‘ Silicon 0.24
" : Nickel 0.20
N Zhremium 11,80
i Vanadium 0.49
F Tungstea 1,76
. Molyhdenum 2,24
N lroa Balance

Alloy 422M is referred to as a ferritic grade aithoug’s it is hest
treatable. A tvpical heat treatment (such as austematazing at 2000 ¥, oil
quenzcling, and tempering at 1200 F for 2 hours) results in a microstructare
of tempered martensite plus about 10 per cent ferrite. The nardoess of the
steel after this beat treaument 1s about Rockwell C 38, Typical short~time,
elevated-temperature properties of 422M are shown in the {ollowing curves:

Tensile propertaes, Figures 43 through 46

Stress-strain curves, Figures 47 through 57

For 422M, data are completely lacking for comgressive, bearing, and
shear strengths, ard modulus of slasticity and stress-strain curves at
- elevated temperatures.
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17-7TFd 1s & Trecipitation-hardenadle atainless ateel that has good
strength properties up to 700 7. The eamposition is balecced so %hat, ae
nznealed, the alloy 1s sustenitic. Hardening is accamplished by a double
beat treatmept, The "‘rat heat trevatment is at 14500 F to precipitate
ciromium carbiées and thersby reader the alloy unstsblej then, o coaling
< below 250 7 the sustenite transforms to martennite (with transformatiam
essantially complete at 60 F). The secand heat treatment ic at 950 to
1050 7 to pramote precipitaticn of what are thought to be aluminus oo~
powds iz the martensitic mat=ix(3568)*. The nominal chesmical composition
for 17-7FH s showmn 1o Table A, and minimm tensile properties are givea
ia Tubdle S,

TABLE 4. NOONAL CEOOIOL
COMPOSITION aF
17-7TH STAINLESS
STEEL (AMS-5520)

Yeight
Jlement -. K05 Conk
Cardbon, Maximum 0.99
Charomius 17.02
Miokel 7.00
Awmianum .20
p e 3 Balanos

TABLE 5. MINDOM MPCHANICL], PROPERT.RB
aF 17-7FR STADILESS STKKL

Property Conditim (TE-1050) Condition (1H-950) g

(AM3-5528) No Specifimstiam -

Ultimate Tensaile(F,,) 160,000 pei 185,000 ped "

Tensile Yield (¥ 150,000 pad 165,000 psd .
sixmgatiaa(s) mt; in

ches 6 per oemt § por seet m

°fise dibliogrsphy 1a Appesdix I,

WIC T3 5250 P8 S “ s
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Ceesstion TH 1050 is deveioped in steps frocz Cundilion A and thea
Conditaon T, The steel 1s first solction arxrealed 22 1950 F 225 F for 3
minules per each v, i wnch of thickness, Thus treatrment drives toe chromium
cardides iz2o soluhod ir the avstenite, thus stabilomxz; the austemte agrinst
marteasit:c iransformat:on and effect:vely Cepresses the M\, temperature,
This brargs the steel t0Concition A, The steel 13 ther treates at 1400 F
+25 F for 90 r=inctes which results in Concation I. The steel is now con-
ditioned so that sufficiez? austenmite transformatiom can be obtained at 63 F -
on coolinz. lamally, Condition TH 1050 is attaised by precipitation hardea-
ing at 1039 F,

Condiunon TH 959 .

, 'i/'r
hY

[

Coocition TH 930 is developed in the same way, ex~ept that the final
precipitalicn bardening takes place at 950 F,

{1}
(2)
(3)
{4)
(5)
(6)

Design properties of 17-7PH (TH 1050) are fairly sell tstablished, bet
only lensiie properues are available for 17-7PH (TH 950).

WADC TR 5% 150P¢ S 69

ine soort-time, clevated-tenpzratuce properues of 17-7PH are
Jhown in the foliowing curves:

T msile properues, Figures 5% throngh ¢3 snd 86 through 89
Compressive provert.« i, Figures ¢4 amd €5

Bearwng properties, Figures (6 throegh €9

Shear propertics, rigures 70and 7

Modulus of elasticity, Figares 72, 78, snd 83

Stress-soraun carves, Figures 73 through 77, 79 through 83, and 85,




CNFI A TNTIRER SR SRS T F~R T

NP7 NNV ANS IR - ST . N Iy . U JTFA AW 48 -.NaeaWewm W .“:.'&-‘.'_-:.-‘.‘{;.-r\-r“-_ e ‘-\.\—“_‘
A S N N Y S O,

TS AT AL AT ALY AN S Y

- I'W' f~).‘~f~f- ,"-A)‘:- o "-’, ?\)“

[
‘- N' ‘.- \' \v ~r\"- Nr.’r"' ~r‘*f g WY
A
. e TeETe — e ee e —— - e - = —— o .Y, .'\.“ .\l.'-‘.‘q AASE Y
— T\ o S~ T T wer O SRR g P - A v Py » - -“\:L
X
o |
(o] W
o )
h 4 b
_ ]
' A
‘ 2]
' od
| g8 3
, g 3
. [
o
"
2
|
b o
§ &
' e
1 ’ “ 2
- ! | ]
r 3 = 5
3 g e
: =2
I g g 15
: -
: L=
™
. § N R
d z &
ﬁ a
&
] n <
22 W2
< % o
b4 8 z s [V o
2ESE <
<2 .
; +00 T § -
i )
H . >
, 3
’ b
!

4 ] S ? °

Mooon‘('“;)mb\nas asun  MouANN

- -
8

WADC TR 55-15€ e $ 0




Ve ¥F a ¥ F B84 0%

- ¥ -

TN e W4T R T VIR

R H R TRARLTRAY AR AN L. AT R e T A e

aha

STL\'\\
M)

1%

- e

7 ... 0Ty ¥e
e

e _.).? \..\

.\f«uu' &.\

.. .\._. L.L\

l\\

RS e S TGS WA M QIR . 0 e v gt | et

‘b4 € 'y 10%g Fp41egg DOCY M ‘I

, TANIVYTINEL QILVATTIE LY 1ATLP SUATNIVLS
(0601 ML) dcdt=t: 40 (0 HLONNULY FTIENAL (OIL NO ALYY NIVMLE L0 NOAL4X ‘66 TNNOIL

40000V

4 'njosedwgy
oow 20¥ oo'lt 0001 009 009 00d 003 0
i | q °
\ 0inj0s8dws) {38) 40 Buneodud 2y -V,
080/ U/ % 0) o o m
088/ui/ vl 100 B
det/v/ W COOOOD ¥
oW LIS ifluo” m -
{oe i
F
on N -
T &
§ =
7 A
. £
= oo m
W 003 g
: : l...lll.ll — — “’I"’\".’“'g

Rt ettt od

. Pu.s




A

T p

T

LW AN S M A . ¢ e G ¢ e T e & S s e T

- -

- o=

-

e - e ee
e — S
———— .

)

NP

TYNLVIIdNAL @TLVATII LV TIILS

BSATINIVLS (0501 H1) Hde=21 4O (Md) HIDNIHLS TTISNIL YO IAUND NDISIA ‘09 TUNDLL

sviiz-v
o0 0ov

003

.

000!

a'0npaedwey

00§ 009 00V 004

_

oo
04nJ0J8dWEeY WOOI 4O
194 000'08I = (uiw) Ny '

e

-
[~
L J

LNOSAIWL WOoN §0 N me) aay

—

e

e A NN s WP b o L e Bas e bt e

WADC TR 55=-150Pt 5

I —— A A s+ > e
. w e -
—
L., . L,

¢ .
| g
s :
\..~ 1.
' o
-— A .

.
" A _RSEEE . a a o B



Lo

v

Y

“~

‘

.
«

.
1

Jo

‘¢
*

. § -anl _-
. . _... RPN
A LN . , PP J.
ol P_»...-‘ sl

K)

RS

r f

: UNLVNIANWAL JALVATTIE LY '
m Jﬂﬂhamﬂﬂ.t&ﬂnnrﬁgx,::&h-p_ho a.bh.:huz"wdhwadaﬁudmmzuuh.-oﬂxaouh

PN LA S I Y

es013-v 4 ‘oni0ecwey
oo 0ow 003! 0001 000 009 00v 003 0

-

o

3

M 8AINY VDB
_ . VOO)AWY WiJON O

oONuYy ©
VM »

———T X
-
——
-

2

#¢ 0001 ‘(54) whuaus pois spmem
13

od

o
 J

WADS TR 55=150 /2 §

e i y ‘ | ; L | ~ x
_ . |

m R R . ‘
o
. . e e e e e e e e e — ,,\......,!...-..f(f.h.ll».bn.husubrmlwl.i.lh




. ——————— e . e A AT———— - " YR ——— 4 o @ N —— —— & et i m

R,

, S LTSS W 8 A s SR ey AR B G S e 8 B S ACAEEERY . .'e a

‘9L d ‘7 33%d ‘661-55 OAVYAM 'I*Y

FUNIVITINTL QILVATTE LV TAZLS SSTINIVLIE (0501 H1)
HdL=Lt IO .3.5 MIONFULS QTFIA ZTENDL FL NO FLVY NIVHLS 40 13ZJ4X 29 N01L

008 ool - Q0% 00Q)

4 ‘ounjoseduny

00? o0V co3 -

R
A

00 0JAWE) 905 D BINSAAXE A=W, -

W /u/ v 01 o
oes/'w/ v 100 O
o8/ u/ v GO0000 w

Tty UioHG JOupiON

\

N

1
o
e

e

8

/ v

Y

xd 000! YAj) wbuans ms speuyy

—

:
4

.

"L A EMMAS 8 AA MR, e n sl R D L e

[o]
b 4

.

74

—— e — -

Y PR

YADC TR $5-150 Pt $

(. ,Q--. "! .-. -‘- .-a fb



C
[
!
'
'
1
:
[
!
.
1
|
|

’III-V'JIC.
14
1
|

i
!

LA RSN SR PINWYWNI oG E RS WY Sy
e
A-giord

1000

800
Temparaiure, F

STAINLESS STEEL AT ELEVATED TEMPERATURE

Fg,(mln)-ISO.DOOpti
ot room temperature

FIGURE 63. DESIGN CURVE FOR TENSILE YIELD STRENGTH (!’”) OF 17-TPH (TH 1050)

] ] 3 &
aunosedwe] wooy o L4 we) sy .
WADC TR S5-L58 P2 S L £ )
A A LR\ SO M —a? PO - 2= - -~ -
- —— e — - M e ans e L e e came o e - - [ __,‘ .
AL SRR P OIPE PRI R P SR Y P N WAL P P SNPGRS G I PR ICIEN G T S .



e ra—— ——

.~

Y W e YEen W TR - WP TG wm e e o

Y o ——

SSEINIVLS (0501 HL) Hdl=11 4O (°2) HIDNAULE QT T AMSSIUGNOD °
: AYLS Q'TTIA JAISSTUSWOD “¥y JUNDIL

M-y 4 ‘unoiedwe)
009! oom oozl 000! 008 009 00p 003 0
SAINT UBII0Q ame
voewy won o —[°f
J0vm +
a 4
08
| Y1} M
'y
[l;oo_ 3
z
——— R L e e TS e et vl i BBy wrnd @ eimer e iv e ta b W ast a e e o e A S e

e e e e o = = e - s ¢ v e s cummmEme (e . LWERS . . . s SRR ... . e s e MRS .. e 4 AAER . s v ER

76

WADC TR §5-150 = §

—— =

— e —




5

!

Y
L

*w

“~

<

o,

A -
PN
-

-~
oY

R
'-:'.:.:
{

»,
&

L3

EAIE RN Y
N, :-'

.:_.:_.;

alate

»

R

. . : W ® v e g

o

LR ",

43 NNLYVYAINTL GALVATTI 1Y TTILE SSTINIVLS
' 10§01 HL) HAl=L1 20 {*°&) HIDNTULS U T A IAISSTUGNOD YOZ JAUND NDISAT ‘¢9 NENDIL

s e . O o

; 4 ‘sanjviedwiny
009 oov! oozl 000! 009 009 (114 002 % .

Y
L |
N0 0w} WO02 N m.. )
W 130 000°291 = (uiw)4y § o
m [
oy 9 .

ya
ANCRUY] UWOy O

m
f
: i
. - o8 w _
“ | /,/'||oo. m w ““
| _ b
M :
| [T ~.




. f e m e e c—— - -
———— el 1. . A T ) — Wy T—— e — - > My W W @y v o e — s oy

LY TAALE SEATINIVLE (0601 HL) Hdi=4l 40

(

4 ‘npiadwey

GUALTUTGNLL ILVAITE
UL) HLONTYLE ONIYVAU ‘99 INNDIS

T Y
JOB o000t 009 000 00% 003 0
T ] 0
oAIND LDBEQ o=
wooIeWY Y, 06N O
0YM ¢ "j 09 4
Ci1Q/e
owi M
. ﬂ (o] 7] maqla
=t =
T 8
~3 03§ .
. ’.
ore

WADC TR 55-150 Pt §

Te




b T L

WORPE I XY

W o e o RS

v

‘s’ 274
\.~\..\-\ (\.‘ A -
IR AN A 4T :
g J\}\ ..\-\.\ -.. d - »

. ;._‘ .o, o Al e, g N N
. s \\Js.\.\& «
! . g NP ., v
I L \...........L
E PP . N )

TUNLVEIAWNTL QILVATIT LV TITLS SSTINIVLS R

(0501 HL) Hd(-LT 40 ("¥94) HLONIYLS ONIYVEE HOd JAHND NDISAA ‘L9 FYADIA _

J'unjoiedwy
04L13-V
oM 0o 002 000i 00¢ (1) 00y 002 0,
_ .
. | :
91010100 we} Woo |6 —oz 2 o
. 189 00dGOE » (viw)™9 g | _“
) . I
- !
c1ease —or g r
-}
P
o9 W
"
~. m ¥
3
I 3
os 3 4
/ ﬂ
//Ill . m
00! »

- e - - T - N e S SR D W Y




- -

B A VP

L 4

-

N R Yol 4 Tty b wowe ap.

-

e R T P

- ——

- —

. w—— mw— o et

— T e el ee vt 2 T WS Ttk . O B W T~ o vt —— —

i g— - e

+WADC

ONorth Amerlcon
~Design curve

1400

s -

1200

e/Ds).5

RS

- b,

Py OB

1000

PP N Y

800

Tempercture,”

800

200

A-220064

T TSNS e Reag )

&’Y‘ OF 17«TPH (TH 1030) STAINLESS STELL

BEARING YIELD STRENGTH

AT ELEVATED TEMPERATU

FIQURE 64,

.
e,

o
LA
o

i

J
RN
< » l“.A\ .\_,.\

a"

\:.\'.\{\': Y

(LY
.l

x
o N g
AR ¥

WADC TR SS5-1SO P § ]

L]




B el oV I AR T Bl e A A A e T

PR N

LA " "

AR ISP A

) T ¥T
o,

LAY Do J

IO
¥ » 5,1
.\ﬂyw-\-\f

ey
- .W.F.uqlrf,sh..!h

i TYNALVYIANTL QILVAZITT LV TIILE SSIINIVIS
{0501 HL) Hd =Lt 30 (*3%4) HIONTULIS ATATX ONIYVIE YOJ IAUND NDISIA '69 TUNDIL

3 ‘umoLdwe)

C e s o, - pwnr—nrengy r TOER

_— 009! oo oo 000! 008 009 oov 002 o,
]
| i
h :
!
0un;0iadwe; WOO: |0 (8¢ OOC'GER s (UMW) haay o3 w
| ! "
. g -
g1 « /¥ —1°* 2 °
D
8
3
o0 &
. »
3 "
g -4
| P
__ » A
o
i m -
| e
1

- A W IEENre o 8%°2 L2 SRR .« £ &N LA L LY e s Lt IR s

.ﬂ ‘ . , , K ) . e mp v

=TS

.

v

~

- ——— e a——

m - = e e - o= o=

S S

{



B ' \.\.v\..s.. ‘o
. . ......\.- ..\.\\..\..5 .
..... B _
: TUALVHAIWEL QALVAZTE ; L
A . 1Y 1X4LE SYAINIV.LG (0501 HL) HdL=Lt 40 .n-h. HIONIUYLIE UvXEHE '0L TUNDIL !
({1 B J ‘aunjoisdwey .
f 009! oovi 00t | 000! 000 oon 00» 002 0 A
| ' _ _ a . s J
_ AINI ubisE(] e .
y uOdlIeWY YiioN O
n_ oavm + [°* s .
m__ | ] .
g
. u . .
kY —“ j/ e m u H,—._ ‘-
{ )
. | .
f 2 | @ o
. o8l ‘|
" L
| L. ..
) (@] |
. 1, w ﬂ \ ..
¥ v 2 ..
. m ] 8- - M . ’ .
\ _. “ . 1:
3 o Ho
“. . I
[l . _A ] ‘ '
.. ‘ 8 + .. .
3 .
I
H
M —
» _ — N
-. . _

T | R . LTS W v, ommm o, v R Y acaip g



LYLFLP. T \;T. T T v v TRy 6 0 o2 7S -—-.!-.—.' »> & » & SmEpm=ySs v " 0

..\'.-‘-\.\\-.

RN g-;i‘; é‘! R}

/
-
Qe
g3
83
Oa
- €&
<s
<
= E
£:
3%
o o o °o o
o - L] L 4 o
01m)000Ws)] wooy 10 884 we) sag

-

WADC TR 55-15C Pt § O

1600

A-RR140

1400

1200

400 600 8C0 1000
Temparoture,F

STEEL AT ELEVATED TEMPLERATURE

200
FIGURE 71. DESION CURVE FOR SHEAR STRENGTH (F,,) OF 17-7PH (TH 1050) STAINLESS




‘98¢ ‘iex

IUNLVEITANIL QILVAITR LY
TEILY SRATINIV.LS (0501 HL) HAL=L1 40O (Z) SN'INUONW STISNIL ‘1L AUNOTL

= ~
o~ o
»O1 ‘( 3) sninpoyy sji1suey

{ 2'9inj0000wey .
i 009 00%1 002! 0001 009 009 00y oce
1] .
| | _
: 9818A8UOY
i 1ousY s uewioeds
~ X . ‘g Ol 004 004l LOO
Y " . L) IV IN 9 o)
) | . % "uoli80dwo) 1031WeY) jouruaN
i 4/
L
"
i |
~'
)
g
i !
i
{ {
—”M
|
w_‘. — Coame e . AR T el cam el e v Ragam BT e = e
i B ¢ b e . - - coe -
o
e e i - a e ——— — N > 2ewmmr DRI IV IIIVIVS IR

og

-

L 4

g
2
4
:
:
E

> ...

e - -

L -2 T o

FAFATAY

NSV

-~




Nree??l?

N NN

W

b\)\-.\w

— L R sl “evaumrs

—

=

¥
-
g
W

"\ o

..

o4

A-212 00

Stran, Q.00 in/in

75, TENSILE STRESS-STRAIX CURVE FOR 17-TPH (TH 1050;

AINGESS §TEEL AT ROOM TLMTEFATURER

Ref. 356,

wWADC TR 55-15C Pt 5

ST

FIGT

po - pe— 'Ilq' - n
[ ]
|
.__ ,
_v% ;_ t v
M 23 | L
| { .
3% M ? 3
af.. e ]
e Lz o
| p ™ @ ~
. .m W
M CmQrv . 7 ”r — .
§ & 3§ 8 ¢ v °
T ToToTol I 11 ¥TTS
R llHllqlll..ut‘ : : J..o.. Pt 3 e Pelol J0T 3 N 3 ».f..l’llu...ll.-?g

——— -

i
t

o .o



e
»

\J. 1.‘..- Al

*e
m -,
N (R
L !

ile

e

FINTS FAPAS S

“~

-

L]
- — e > e ——

AINLESS STEEL AT 400 F

[
Stroin, QOO0 /.

86

-~
.
——— -

-
8
TENS;LE STRESS=STRAIN CURYES FOR 17-7PH

(TH $4%50) $
Ref, 356,

WADC TER 55-150 Pt 5

. P M
PRI IR R AP I S S ]

269 x 10° psi .

Specimen: 1 cheet

o

Stvain rote: 0.0 in/n/min

Tronsverse

(3

- —
‘
‘n

e e w -t - ——— -~
—-— —

FIGURE 74,

32C
200}
240

g 3

120
80
c

184000 ‘9808

f m— ——— = - -— -




.
. -|‘
o
. ' .y
\ S
.
j‘ e -y ..‘
.
o+l SOOPURES com—f TWRGR @ WY BEe & e ¢ SU. G A - - . n -.
»
. ...
'

Lt o

-

——
T
} 3

e afatnl aladaal

1 3
Strain, 00Ol A /im

sneet

STEEL AT 6O F

R WV X
-t

|

Tronsverse
L»-.q'.‘-

TEASILE STRESS-STRA™ CURYES FOR 17-7PH (TH 1058

STAINI
Raf, 354
WADC TR 55-150 Pt §

Specmen

€:25%2 2 C° pei
:%’
Stron rote: OOt in/n /e

———
——

2t

| & g w 8 ) 3 ? o° 5 .
190001 ‘980418 m \U

—
e

.e
.
.
~——
-~
e

-
-
-

‘e AR

-
~~—

. - = %. « o B S S P v SN . ‘. B, . .2 e a + BRI CA AN e



TENSILE STRESS-STRAIN CURVES FOR 17-TPH

(TH 1050) STAINLESS STEEL AT 80O F

FIGURE 76.
WADC TR §5-1S6¢ Py §

RIp R peapee eI L 28 8 € Sasasnastalladl




.

. A .w f ! {. et

). S
e AN R f )
RS . ‘q s . e
Y . .
. Py vy X T
H PR .4 °F F i, .
. \- . -.. -
' -5 ., -

$ H : L

: Uy . .
| » KA f - .
re. L S o
S . v gAY, it I o b
REARSCRITNY ORN AN P (RSN SRR LENORAR I

‘

R Laf e BT K

- Baand PRSI r Y G W TP PN s

ro L

CURVSS FOR 1T-TPH

(TH 1050) STAINLESS STEEL AT 0o r
”

.

mpray—s1 P8 -3 T

T v — T
- -

.
»

o2tz Whel
Rorm: y" sheet
Stvoin rote: Q.01 /TR

T

-

‘ -
TENSILE S1

Ref, 35&

4
7.

8 -8 .

nd 000! ‘eniyg

/
WADC R F5-I30 P2 §




ML AL O

bt A Bl LA W A Sl Sk Bh Bl W S RS

TORT

-

-y LAY

— e — =

-~ —— e

———— -

e —— o, e W S, Sn e =

. '95¢ Iy
TEALVHIINIL QILVATITII LY T13ILS
SSTINIVLS (0501 HL) Hd - LT JO (PT) N TNQOW FAISSTUANOD ‘8L FUNDIL
seLa v )
4'einoredwey

oont 00! 0032 000! 009 Q09 00y 003 oo
woys ¥ iwiog 4o o
98,0A8U0.1 4 S
:
-
s
oz *
g
¢
¢ 3
L J
108 m
Q
ﬁ H

r- oc

- o

Ce . RS F v S T AR .

WADS TA $5-I5CPe $

— - -




S .
P
RPN

360 1 1%si
aI% 1192 000psi |
O OCE inA Ay
]

EC

Fey

Stroin
@

”

Trongverse
8
Stron, 0001 /i A0
¥SS STEEL AT ROOM TEMPERATURE

Ly FER_P\y

TADD

-  —T —
~

COMPRISSIVE STRESS-STRAIN CURVE FOR 17-7PH (TH

— ] Ef: g
‘ | £ ¥ 3 :
| T ¢ & ¢ & & 3§ o 753 _
4 (640001'890.4 8 ~ - .
3 i . ] = :
! : “ m

s v anmmmm v . GRS P e s . 4 AR ¢ L . . . e IR aa



N
VX RRAAS

s o A

|

L X

- e e e e

- - . - -
- WP ——. ——— G~ W dre -

c—— -

-—— —————..__ . . - -~

.'

Vol I
XA i
V..\..............\. 7y DS BRI SRR SUUTRCRIN  ARTIRITITLERRANE. - SR R
R £ _.”
.;-n- .-.-.-..1...- ', .W- ..... ’
L L e e 51 SRR
et bl AR S e e Y .
RN . . OSSR R -
i —n' - .w -Nj )
3 8 , e
(=Y s.w K o_.
Aw e = 3 <
[*] " [0 mv
” - R C% g
’ [ kY b c b1
U €
. wEWE W e <
: i o & 2
b4 <]
- a<g c
: g
- ®
= n
o .. vl./ )
/ o
! 4 o Q Q
o~ ~ m m b 8 -
180 0001'888/8
* - e ° Tt e L amem wl eh 18 B Y R Wenth Al o et G S e et - By - & e S

Ll N
PR N

{TH 1C5C) STAINLESS STEFJ. AT 400 F

COMPRESSIVE STRESS-STRAIN CURVES FOR 17-7PH

FIGURE &0,

ot . .,

9”2

WADC TR 55-150Pt S




o | AR

! .
BT Y P N AR . . - . . . o

B -- —— —— - . laatu*

"
A-21008

04%:162,000p81 _|

<y
B 00" exposure
y 04%8'64M’.i

Ec*274x10%si
A tﬂr exposure
Strain rote:0.0) In/in/ma

Fe

[
.

o«

-——r—
Trongverse

Stroin,C.OOIN/N

-t e

COMPRESSIVE STRESS-STRAIN CURVES FOR 17-TPH

{TH 10.0) STAINLESS STEEL AT 600 F
”

Rei, 386,

- — -

40

., 194 0001880445

280
240

3 3 o 8
e &

FIGURKE 81,
WADC TR 55-150 Pt §




- - = .. = - D e mtm e e e - TS -

e - ——— L — . W - P s - VD W—— o 1 Sl = e ¢ Ne v . = com o A T T AR A L LIIDRE TR W -

Tronsverse

240

-l e

160

'-'.':..
RPN

€ E. 246 x)10%si
g A 4-hr exposure
) FC, GI‘QWN—‘
. 2+hr exposure
Fey &2 *2127,000p6!
. C. 10hr exposure
| Fey °* 7131000981
’ 20 D. 100hr exposure .
| Foy &2 =34 00003}
' E. 000hr exposure
Foy 92 %4143,000ps!

40 Stroinrate 0.0 in/insmn

Stress,!000 psl

120

(o] 4 [ @2 ]
Stroin 000 in/in, A-gron

FIGURE 52. COMPRESSIVE STRESS-STRAIN CURVES FOR 17-7TPH
{TH 1050) STAINLESS STEEL AT 800 F

Ref. 356,

s oMEERT . T ... e e

WADC TR §5-150 Pt § LY st

e - B = e, L

N e
e A ———— . . ———————— - . -_— e - B - - . L
T, m e cmm —me m e P L et e L e T _— L L im- e

RN




Ty Y T SV v e s v Ty . v

-_.\:.: «:\.;‘:,.;: .‘::.

SN
- .

b RSSO OL LAY

A
. ‘u‘_'\ -"‘-;\ i\-}. \}"i\_‘ >

- -~ o a9 P NN T ——
200
Tronsverse
240
«00 -
‘a .
a
8 rsop— -
] Ec #230x10%si
& A. fhr CApOSUTE
7] . otr% -
Fey 3100000 psi
120 E(—— B. 2hr exposure -
B lo Foy £05,000 pGi
C. IOhr ex ®
Fc’“ ‘O,Mﬁ
80 / D. 1COHr exposure 4
Fcy ‘07,0@935
E. 009.2&' eiposure
Fey =115,000psi
40 Stroin rate:0.0t ir./m./min ]
0
0 4 8 >4 "
Stroin 000 in/:n, a-poe
FIGURE 83.

COMPRESSIVE STRESS-STRAIN CURVES FOR 17-TPH

(TH 1050) STAINLESS STEEL AT 900 F

Fel 356,

WADC TR 55-150 Pt §

95

ot 'J). ~"'J,‘ f'.‘.. "




ot Qe .
O A N

‘Lot 7%y

TUALVITINTL GILVAITE LV
h TITLE SSATINIVIS Hd =LY 4O (73) ENTACON TJAISETYINOD ‘'¥0 JUNDTs

Ve Asie e N P sk . g e e WSS - -

eIy .
: Jtanoiedwey .

00! oC ¥! oozl 000! (2] 009 00V 003 _..uu .
| |
b _
m : “
_ / INIDB LN KOO0 D *3 o _
i N\ "y 18d 000'08! e
e Of PO} 0B : UOLHPUOD u _
" ' jouipnpduol | 3 m

) ! E 3 p
I 3 |
) ]

I w _
| € .

| " -— e3 “

! W ..n . W :

_. L .mw 4 ,

w { ) ” ]

! v—-To0g A

'

| [

_. Y

L —_— w R

_ .

|




.
K R 4
[AFRERL R RS

N R CRaR

. '-- .I

- .-‘ - R . "

* '.‘ '. AP .‘ .. *-. .

AL R P SRS

.'.,' . '-.'*..‘.."'."_.'-'-_- AN
PO S SISO T TS S W S

——

F

DM temperchire

200F
300F

T

/500!’
800F

F

'€ 23 pri
300
290
284
277
270
26298
2435
2353

T e =TT

38 O WAL TR W T S 19 § Sl Rl S VI E WV S U T SRS S Wy

Condition: Heo? treoted to 80,000 pai
Stron 00QX /i

Stroin rete: ASTM EO-54T
)

A

Almaeld

Longitudinol

(O SR Y

LESS STEEL AT ROOM AND ELEVATED TEMPERATURY

Ref. 207,

— . Sran et ©. > S w— W T e -

‘Or—
Ho—
100

&

40

29

CO

St e um s

FIGUKE 85. COMPRESSIVE STRESS STRAIN CURVES FOR 17-7TPH STAIN-

WADC TR 55-158 Pt §

-

.\“
v
4
A
.4
e
W
e
4
P ]
o d
C P,
»..

1
:
\
‘ M . . M
b e s o o U e e e s o e a e s e e g o - L b



TENLVNISANIL QILVAYIT
LY TAALS NEXINIVLE (086 HL) Hdi=4T O () HLONZYLE TTISNIL '98 JWNOIZ

s0008-v d'oinjos0dwry

008! 00p! 002! 000} 008 009 o0 003 o . N

1 ] _ k

. m_ - jos KR
. . ;
\

w y < fous 2 s

m RN

b ~ g

/
=]
e
188 0001'("4) WIbUBS NSV BiDWHN

Y

ats of . af

R

—
-

|

_

~ i

A K

i T
; &

~ | , 3 | 3

~ “ »3 :.»a Lo .du

. | f 3

;

it
V)

DIANLIADIL L FRRA S

. —— . —— -
-

\ . e i mm o — ——— —— g - W S W S———- Y § —p v P W= —— - T T e e . e S W .- -
| . .
o f -

27 -

I

— p ¢ . .
— — . - - - e
. = . "] _..l AMEER & P - s NS . . 2 - . _MENER . . 4 & MR Y A A TR,



e

N gAY
et
LSRN
e

4
’

&

SN

Nt
9

.,
(0$6 HL) HdL~L1 JO (

L]
Pt .s\\\-.‘u
vl- —f\'.af-.fs.-l-. -.h |
N A A

‘612 "roy

SdNIL ILVAITI 1V TTALS SSTINIVLS

&) HLONTYLS ITISNIL ¥O4 FAUND NDIS3a

“18 TUADId

oIy 4'0inj0i0dwey
oo 00w 003 000! 000 008 00v oﬂ
2in1023dWe} W00 4O '
184000’ S0Iv M4 1031dAY .
- oy
(¢] ]
. ﬁo.

UR0INdWe] Wooy 0 Mg Jue) sed

WADC TR 55150 Pt §




NN,

k.
PN N‘sf‘ ‘k\'&
AR

000

L 38

e 4 PPN

400

PR TIE LY SR VRT IR IR UN

120G

T TP apepg s TR
.
\P
1000

900
Temperoture, F

4
|
00

N

AT ELEVATED TEMPERATU

[ e i aattiiade

PRI

FIGURE 88. TENSILE YIELD STRENGTH (:P) OF 17-1PH (TH 950) STAINLESS STELL

O

] "] "] °
¢ 0001 N4) whuays pou Sewy

&0

N MR PR~ ssme w -
200

WADC TR 55-150 Pt § 100




TR T IRYL YL TLY LW UFL

u

Ty

TR T T VAT ANTS

-

T e e

R . o .
. e .
S ' - . .
3 R . ENEN )
- . P AP T .
. . . . f e L
. .o Lo e
. . . LT, .
. A . [
. . K R
o e et .
. . - R . - .
AL
Jelem et

o1 RTINS AP

DR

i
4
I '$12 'joy
P JUNLYHIANIAL QILVATTIT LY TIIALS SSATINIVLIS
(056 H.L) fid =Ll O { V3) ILLDNAYNLS g1dlX TTISNIL HOA JAUND NDISIC 60 BHNDLL
M se01a-v 4 ‘wnjoseduey
. o0, 1) oovt oo2 oot 009 Qo 003 0
1 o
H
I
1
_”
_ I m . o3
| 00 |0J0dWwe| W00 (O
194000'GBI« A1 4 109184y
A
40¢
|
i
_. oe
o~ 00t
“‘. = e B T SO SPFS 3

sayondun) wooy © N3 ) ag

181

YADC TR §5-150 Pt §

g YR M -~

-

.




N S Y e T N ¥ N N R W VA R A N T W L T N e T e AT e Ta® @ Ta® "

- FAA aL W l emes - e e e e e i o e e . . _— e — ——

. TR s e oy Mg WO il wn S S TS ., e D — -,  ——— ——— | e e

AM-150 STAINLESS STEEL

AM-350 is a precin:tation-hardenable stainless steel having the
nominal composition s%own in Table 6.

TABLE 6, NOMINAL CHEMICAL

COMPOSITION OF
AM-350 STAINL_ESS
STEEL
Weight
Element Per Cent
Carbon 0,08
Manganese 0.50
Silicon 0. .40
Chromium 17.00
Nickel 4,20
Molybdequm 2,75 °
Iron Balance

As annealed, AM-350 is austernitic and, Jike other zustenilic stainless
sterls, is soft and ductile in this condition, The composition has been com-
trolied so that the martensite transformaltion temperature is below 32 F bt
above -80 F, Hardening is accomplished by ®deep freecxing' the anncaled
alioy to -180 F (i.e,, below the M; temperature, which allows the austenite-
martensite transformation to proceed), followed by tempering the marteastic
structure at about 750 F. It is pointed out that at 750 F no precipitation
occurs but that the desired atrength properties are obtained {rom the tesn.
pering of the martensite, A doubl--.aging trecatrment is a second heat-
treating method.

Annealing temperature has a noticeable effect an the properties ob-
tained after aging; 1750 F is the optimum anncaling temperature for the
Uideep-freeze and temper' treatment, while 1950 F is preferred stor the
"double-age™ heat tresatment,

- ——

The short-time, elevated-iemperature properties of AM-350 are
showr in the following curves;

{1) Tensile properties, Figures 90 through 93, 95 through 98, and
100 through 103,

e L T T P

(2) Modulue of elasticity, Figures 94, 99, 104, 109 and 112,

(3) Shear properties, Figures 105 and 106,

il S
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17-4PH STAINLESS STCEL

17-4PH bas a composiiion that has been termed a *severely un-
balancd™ A1S] 301. The austenitic phase is 30 unstadle that it iransforms
to mariensite at abowt 200 t2 300 F, upon cooling fram the annealing tema.
perature. Agizg at abact 900t 1000 F picmotes precipitation of inter-
metallic compounds {rom the martensite, 1he nomizal compoasition of
17-4PH is shown in Table 7,

TABLE 7. NOMNAL CHEMICAL COMPOSITION

. OF 17-4PH STAINLESS STEEL

Weignt

lement PerCent

Chromiam 16.50
Nicked 4,00
CTopper 4,00
Columbium (niobicm) + tantalum 0,35
Carbon, maximun 0,97

1ros Balance

The short-time, clevated-temperature properties of 1:-PH are
shown in the following carwes:

(1) Tensile properties, Figures 126 through 129 and 138

P

(2) Compressive properties, Figures 130 and 131

(3) Shear properties, Figures 132 and 133

‘4) Dearing properties, Figures 134 througk 137

ey

(5) Melulus of elasuzity, Figures 139 and 141

(6) Stress-strain curves, Figures 140 and 142

—~

Data are availabie oo 17-4PH for ali surveyed strength properties.
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19.9DL ALLOY
LAMS-55208) (ANS-552TA)

Adloy 1%-9DL :s a chromiumsnichel alloy that

kas a predaominartly

austenitic structu.e, The typical chemical compositios is gmwes im ) ,
Tabie 6, .

TABLE 8. TYPICAUL CHEMICAL COM-
POSITION OF 19-9DL HEAT.-
RESISTANT ALLOY ‘AseS.

I §526B) (AMS-5527A)

. . Werght

: Elzment Per Cext

. Carbom o.30 °

' Manganese 25

; Silicom 0.55

r Niackel 9.00

f. Chro=. . l’.“

; Malsbdenum 125
Toagsten 1,28
Columbium + tantalum .40
Yitaniumy .2
1rom Balamsce

’
i
.
K
)
X
»
.
»
.
4
i
,
’

The alloy 19%9DL is usually used im tik aancaled or stress-relieved
condition at temperatnres below approxamately 1300 F, For service above
aprroximately 1330 F, the alloy is sclution treated and ared. Otbher con-
ditions are csefx for numerous applicatiors., Table 9 goves tir minimom
mechanical propert:es of 19-9DL alter solution heat treating ax 1800 F 225 F
aud air cooling.

TABLE 9, MINIMUM MECHANICAL PROPERTIES OF
19-90L ALLOY (AMS -5526B)

Property
Glumate tersile (Fyy) 95, 002-120, 009 pai
Tensiie yield (Fyy) 45,000 psi (mxxr=-verm)
Elargana (¢) in 2 inches 30 per cem2 (rmmmem)

" Table 10 guves the minimum mechanical properties of i%-9DL after
stress relievaz; 2. 120w F 225 F, - and air cooling.

WADC TR 55-150Pt 5 138
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TABLE 10, MINIMUM MECHANI!CAL PROPERTIES OF
19-9DL ALLOY (AMS-5527A)

[ YK YR S
Property WALV D,
Ultimate tensile {¥;,) 125, 000 psi {minimum)
Tensile yield (Fty) 90, 000 psi (minimum)
Elongation (e) in 2 inches 12 per cent (minimum)

The short-time, elevated-temperature properties of 19-9DL are
shown in the {ollowing curves:

(1) Tensile properties, Figures 141 through 176,

Although the effect of many conditions and heat treatments cn the ten-
sile strength of 19-9DL. has been investigated, no information is available

oa otber design properties,

Yy
’-

v

[

!
R

[l
'
[}
[g
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The 19-9DX alloy was developed in 1950 28 a columbium-free version
of 19-9DL because of the scarcity of columbium at that time., It was found
that if the columbium were eliminated in favor of somewhat higher titanium
and molybdenum content, an alloy resulted which had equivalent properties

ar a lower strategic index, The typical chemical composition of 19-9DX is
given ia Table 12,

TABLE 11. TYPICAL CHEMICAL AR
COMPOSITION OF S
19.9DX HEAT- S
RESISTANT ALLOY .
(AMS-5538) (AMS-5539)

Weight .
Element Per Cent s . .
Carbon 0.30 - R
Manganese 1.25 v L
Silicon 0.55 R {oolala oo
Nickel : 9.00 g
Chrominm 19.00 AR
Molybdenum 1.50 AL AN
Tungsten 1.25 SRS
Titdnjumn 0. 60 el
Iron Balance (‘-"":‘-'.f':::‘("

The metallurgy of 19-9CX is similar to that of 18.9DL; 19-9DX is
essertially austenitic. Atlloy 19.9DX is usually used in the arrnealed or
stress-relieved condition for temperatures below approximately 1300 F and
in the sojution-treated and aged condition above approximately 1300 F,
Otker conditicns Lave jound use in various applications, The minimum
mechanical properties of 19.9DX in the annealed condition are given in

Table 12; properties of 19-9DX in the stress-relieved condition are given
iz Table 13,

TABLE 12. MINIMUM MECHANICAL PROPERTILS OF
19-9DX ALLOY (AMS-5538)

Property
Ultimate tensile ‘Fy ) 95, 000-120, 000 pui
Trnsile yield (Fyy) 45, 000 psi (minimum)}
Elongatio:. (¢) in & inches 310 per cent (mini- m) .
S
WADC TR 55-150 >t § 194




TABLE 13, MINIMUM METHANICAL PROPERTLIES OF
19-9DX ALLOY (ANM=.5339)

.
\ Property
!
R : Ultimate tensile (Fgy) 125, 00¢C psi {minimum)
Do Tensile yield (Fyy) 90, €00 psi (minirmum)
. Elongation (e) in 2 inches 12 per cezt (minimum)

The short-time, elevated-termmeratcse propcrhcl of 19-9DX are
shown in the following curves:

{1) 7Yensile properties, Figures 177 through 162 and 189 through 194
‘3 (2) Cor-_ressive properties, .l'i.urcs 18y, 184, 95, and,
{ . 193 -

; (3) Bea-ing properties, Figures 185 throegh 1,3 and 197
o through 197,
] . B

' . . Stress-strain curves and data oo shear sirength and modulus are
_ lacking for 19-9D0X,
“ .
]
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A-286 ALLOY

The A-286 is an austernitic alloy which Las been made heat treatable

by the additioz of Utanium, The typical chemical composition of A-286 is
shown in Table 14,

TABLT 14, TYPICAL CHEMICAL
COMPOSITION OF
A-266 ALLOY

paral e iaa

Wetght .
Element Per Cent
Carbon 0,045
Manganese k.35
. Silicon . . 0.95
’ Nickel 26,00
- " * 7 Chromium 15,50
' Molybdeaum 1.25
Titapium 1.95
Vanacium 0.32 .
Alyminum . 0.20
s Irom Balance
[ 4

Alloy A-286 is a precipitation-hardening alloy that develops iis opti-
mum propertic s by solution treating at 1800 F, followed by rapid cooling
{oil quencling for large sections and air cocling for thin sections, such as
sheet), and firally aging at 1325 F for a minimum time of 12 bours., The

aging treatment develops the strength of A-266 by random formation of a
fine precipitale in the austenilic matrix,

The skirt-tuime, elevated-temperature properties of A-266 are shown
in the {ollowing carves:

(1) Teasile properties, Figures 201 through 204
(2) Modulus of elasticity, Figures 205 amd 207
(3) Poissca's ratio, Figure 206

(4) Stress-strain curves, Figure 208

| No ccmpressive, sbear, or bearing dala weve zrailzhle au A-286,
'
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INCONEL ~X™
; (MIL-N-7780) (AMS-5542D)
Incone) ™X™ is a wrought nickel-ba_e zlloy which is highly resistant to ROROS ‘\J‘-:._s: ;:._
- ' chernical corrosion and oxidation. Additions of titauwm and aluminum ren- :'.-.:'\".-::':jf:f::r,y-
. NN der the alloy age-hardenable. The limiting chemical compasition of {':\';:\':x::-.:\.::\j--:
) Incorel ¥X® is given in Tavle 15, RO RN
. TABLE i5. CHEMICAL COMPOSITION OF R
i INCONEL Y™ (MIL-N-7786) Foa e
l (AMS-5542D) . A
{
) Weight
‘l Element Per Cent
h Nickel, minimum 70.0 S
; Chromium ' 14-16 -
{ Iron 59 i
! Titanium 2.25-2. 715 : .
= . Columbium + tantalum 0,7-1.2 DA o
iy Aluminum 0.4-1.0 -~ -
1t Silicon, maximum 0.5 :
? Mangancse 0.3.1.0
4 Copper, maximum 0.2
’ ! : Carbon, maximum 0.08
t Sulfur, maximnum 0.01
i =
! Two typical conditians {or hot-rolled Inconel "X™ are sunmarized
). below,
Fully Heat-Treated Hot-Rclled Rods
t {a} Solution treated at 2100 F for 4 hours and air-cooled
; {b) Aged at 1550 F ior 24 bours and air cooled
i {c} Aged at 1300 F for 20 hours and air cooled,
Typical room-temperature propertics for this condition are shown
in Table 14,
.
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TABLE 16, TYPICAL ROOM-TEMPERATCRE
PROGPERTIES OF FULLY HEAT-
TREATED HOT-ROLLED
INCONEL X%

: Property
Ultimate tensile (kgy) 162,000 psi
Tensile yield (Fiy) 92,000 psi
Elongation (e) in 2 inches 24 per cen?
Reduction in area 30 per cent

Hot Rolled and Aged, Not
Sulution Treated

{a; Azedat 1300 F for 20 hours,

- -

-

I'yp.c2l room-temperature properties for this condition are shown
in Table 17,

b

T

R K

TABLE 17, TYPICAL ROOM-TEMPERATURE -
) LRAOPERTIES OF HOT-ROLLED
. AND AGED INCONEL =X*™

- Property

»

. Ultimate tensile (Fyu) 184, 000 psi
D - Tensilc yield (Fgy) 132, 000 psi
X Elongatior (e) in 2 inches 24 per cent
- Reduction in area 37 per cent

- v v v

- 4

Note: Al high-wmperature heat teating meot be dane 4o a mifw-
iree attnosplere,

g Minimurn mechanical properties of Inconel “X® a, specified in ApS~
5542D are given in Tabie 18,

»

. TABLE 18, MINIMUM MECHANICAL

" PROPERTIES OF

= . INCONEL uX®

Y. i (AMS-5542D)

:: ’ Property

5 ' Ultimate tensile (F¢) 155,000 psi

:} ' . . Tensile yield (Fyy) - 100, 000 psi

. E!~noation (#) in 2 inches <0 per cent
:

L
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Tbe shoTt-time clevated-temperature properties of Incaael "X™ ave

— i i a - et

shown in the fcllowing carves:

(1)
(2)
(3)
(4)
(s
(6)
. (M

Tensile nroperties, Figures 209 through 213
Compressive properties, Figures 216 and 217
Bearing properties, Figures 218 through 220
Skear properties, Fiures 221 through 224
Modulus of elasticity, Figures 225 and 227
Poisson's ratio, Figare 226

Stress-strain curves; Figures 228 through 230

Data are available oz loconel "X™ for all surveyed properties,

y (WY.Lt
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STAINLESS =w" ALLOY
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Stainless "W¥ i3 a ferritic-type staintess steel, Because of zdditions
of titanium and aluminum, the steel responds to a precipitation-hardening
heat treatment for increased strength and hardness, The nominal compo-
sition of Stainless “W" is shown in. Table 19,

s Wl AL °,

TABLFE 19, NOMINAL CHEMICAL
COMPOSITION OF

I S1AINLESS "w"
. ALLOY
d Weight
e . Element Per Cent
I . ) . Carbon ‘ .0.07
' Manganese 0.50
Silicon 0.59
Nickel 1.00
Chromium 17,00
Titanium 0,70
" Aluminum 0.20
! iron Laiance
X Heat-treating procedures are summarized as follows: (1) to solutiom
. anneal, air cool from temperatures within the range of 1200 to 2000 F
. (usuzlly 1850 to 1950 F for 15 to 30 minutes); (2) to precipitation harden,
heat to a ternperature of 800 to 1200 F and water queach or 2ir cool. Ulti-
) mate 1nechanical properties depend on holding time and temperature of
. precipitation hardening, Water quenching {rom the aging temperature pro-
: duces higher strength properties,

The short-time, clevated-temperature properlies of Stainless WW®
are shown in the following curves:

(1) Tensile properties, Figures 231 through 234,
(2) Poissor’'s rauo, Figure 235,

(3) Modulus of elastucity, Figure 236.

{4) Stiress-strain curves, Figures 237 through 240,

Shear, bearing, and compressive properties and siress-straim curves
at elevated temperature are lacking for Stawnicss "W*® alloy,
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For convenience, the following curves have been plotted to show

b -
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APPENDIX ]

MATERIAL COMPARISON CURVES

rulative strengihs of the varigus alloys discussed in this report.

Figure 241,
Figure 242,
Figure 24},
Figure 244.

Faigurc 245,

Figure 246.

Figure 247,

Comparison of Tensile Strengths (Fy,,) of Stainless
Steels and Super Alloys st Elevated Temperature . . .

tamparnison of Tensile Strengths (Fm) of Precipitation
Hardenable Stainless Steeis at Elevated Temperature .

Comparison of Tensile Strengths [Fy,) of AM-350
Stainless Steel at Elevated Temperature . . ., . ., .

Comparison of Tensile Strengih #,,) of 19-9DL Stain-
lean Steel at Elevated Ter: eratuce . & . . . . . .

Cwnpareson of Compressive Yield Strengths (Fcy) of
Stainless Stecls and Super Alioys at Elevated

Temmperature . . . . o . . ¢ 4 e 4 4 4 e e =

Comparison of Besring Strengths (Fy .} of Stainless
Stecls at Elevated Temperature . . . . ¢ « o« o

Compar.son of Shear Strengths (Fsu) of Stainleas Steels
at Elevated Temperature . . . . . . . . . . . .
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